Powerful topographic techniques are now available, among which autoradiographic and fluorescent mapping are the most prevalent. These techniques pro duce images that usually do not correlate with brain anatomy; subsequent staining is required to allow a pre cise association between the parameter(s) investigated and brain structures. A simple staining procedure is de-
Powerful topographical techniques are now avail able to study experimental or pathological distur bances of the brain, especially those associated with CBF, energy metabolism, blood-brain barrier permeability, and specific binding to receptors.
They generate images related to the parameter of interest, but on which the brain anatomy is often not clearly delineated, and it can be difficult to ac curately correlate the data with structures of spe cial interest. This difficulty typically arises when studying focal cerebral ischaemia; occlusion of a major cerebral artery produces a heterogeneous and variable ischemic insult and, with some param eters, it is impossible to distinguish between inter mediate ischaemic grey matter and normal white matter. It is a relevant problem because grey matter in the border area with white matter appears to be selectively vulnerable to ischaemia, in particular that in the depth of the sulci (Obrenovitch and Hal lenbeck, 1985) .
One such parameter is CBF, lower in white matter than in grey matter under physiological con ditions (Reivich et aI., 1969; Sakurada et aI., 1978) . scribed, compatible with heat-fixed brain sections, and that was found particularly valuable in association with topographical tissue pH studies using the fluorescent pH indicator umbelliferone. Key Words: Brain tissue pH Autoradiography -Topographical study-Histological staining.
Another is local tissue pH, which in normal brain and when determined with the umbelliferone tech nique, is found slightly more acidic in white matter than in grey matter (Csiba et aI., 1983) , possibly be cause less umbelliferone is dissolved in white matter than in grey matter when the frozen section melts onto the umbelliferone impregnated paper (Obrenovitch et aI., unpublished data) . Conse quently, in topographical studies of a brain hemi sphere subjected to focal ischaemia, grey matter with low CBF can easily be confused with normal white matter on CBF autoradiograms, and it is dif ficult to discriminate between mildly acidotic grey matter and white matter with normal pH.
The staining procedure described below was spe cifically developed to be used following tissue pH studies performed according to Csiba et ai. (1983) , a method that has been revealed to be particularly valuable for studying focal ischaemia (Hossmann et aI., 1985; Kim et aI., 1985; Paschen et aI., 1985; Strong et aI., 1985) .
METHODS
The umbelliferone technique for determination of local tissue pH entails impregnation of acetate cellulose paper with umbelliferone, a fluorescent pH indicator that in creases in fluorescence under ultraviolet illumination with increasing pH. Frozen sections are placed on the paper and on thawing, their fluorescence is recorded pho tographically (Csiba et aI., 1983) . In our experiments, 20-fLm-thick brain sections were prepared and subse quently dried on a 60°C hot plate after photography. Tissue sections adhere strongly to acetate cellulose paper and, therefore, the staining procedure had to fulfill two requirements to be compatible with umbelliferone pH mapping: be satisfactory with heat-fixed sections, and leave the acetate cellulose paper colourless. Several con ventional stains were tested; a modification of the well established Luxol Fast blue staining led to the best re sults.
A fresh and filtered solution of Luxol Fast blue was prepared according to Kluver and Barrera (1953) , i.e., 1 g Luxol Fast blue MBS [Solvent blue 38, Du Pont (UK) ltd, Stevenage, Herts; obtainable BDHJ in 5-ml 10% acetic acid and 1,000 ml 95% alcohol. The following schedule was then observed:
1. Immerse slides for 1.5 h in the Luxol Fast blue solu tion at 55-60°C.
2. Rinse in 95% alcohol for 5 -lOs followed by a longer rinse in distilled water (5-10 min).
3. Initiate differentiation by rinsing the slides for 10-20 s in a 0.05% aqueous solution of lithium carbonate.
4. Rinse in 70% alcohol for 20 s. 5. Thoroughly rinse in warm (30°C) distilled water. When further differentiation was required, steps 3, 4, and 5 were repeated.
6. Finally, all sections were washed in fresh distilled water (22°C) and allowed to dry.
RESULTS AND DISCUSSION
This procedure coloured the white matter dark blue whereas grey matter was faintly stained pale blue. The differentiation between white and grey matter was such that the subsequent staining with cresyl violet, usually associated with the Luxol blue staining, was found unnecessary (Figs. 1 and  2) . This technique is simple and suited our purpose; however, care should be taken during destaining (steps 3, 4, and 5). It is a regressive staining method Fast blue. Twenty-micron frozen sections were collected on (gelatin coated) glass slides and instantly dried on a 60°C hot plate, following the common procedure for autoradiographic studies of CBF and energy metabolism. This section was cut from a hemisphere of baboon brain, subjected to 90 min of focal ischaemia, produced by occlusion of the middle cere bral artery (Symon et aI., 1974) .
J Cereb Blood Flow Metab. Vol. 8. No.6, 1988 and, therefore, it is possible to lose differentiation by excessive removal of the stain. These three steps were found to be critical for the final grey white matter differentiation and it is preferable to deal with each section individually in this part of the procedure.
Luxol blue staining after umbeIliferone pH mapping
The original method of Kluver and Barerra (1953) was found to stain the acetate cellulose paper, the support on which brain sections are fixed when they are to be surveyed for regional pH. This made any subsequent differentiation of the tissue sections impossible. The staining of the paper could have been expected from the previous work of Clasen et al. (1973) , who described the staining of cellulose by Luxol dyes. This problem was circumvented by reducing the exposure to Luxol Fast blue (step 1) from 16 h to 1.5 h, within which time the acetate cellulose paper was not irreversibly stained. Sec tions heat-fixed to glass slides were also found to stain sufficiently within 2 h to be able to accurately define white and grey matter ( Fig. 1) with an asso ciated reduction in the time taken to differentiate (steps 3, 4, and 5). Prolonging exposure of these sections to stain only served to increase coloura tion of the grey matter and decrease the efficiency of differentiation. A secondary problem was that of finding a firm binding of the acetate cellulose paper to glass slides. Different adhesives and double sided tapes were tested. Adhesive sprays did not provide a smooth surface and some double-sided tapes would not remain totally adhered to the glass slides throughout the staining procedure, thereby causing distortion of the sections. Double-sided tape produced by Sellotape (D.R.G , Apsley, Bucks, England) was found to be the most satisfac tory, providing an even adhesive surface that toler ated the staining procedure.
When precisely followed, the Luxol Fast blue method described above was compatible with an umbelliferone pH mapping performed previously (Fig. 2) . Figure 2 illustrates the value of post staining, enabling accurate relating of the pattern of ischaemia-induced acidosis to brain anatomy.
Possible differentiation of normal and acidotic tissue with Luxol blue staining
The structure of the Luxol dyes was largely un known until Salthouse (1965) published the chem ical formulae for Luxol blue G. It was generally ac cepted that the dyes were acidic and Salthouse ver ified this, specifying the structure of all the Luxol dyes to be diarylguanidine salts of acidic dyes. Al most at the same time, Smith and Dunbar (1966) FIG. 2. Heat-fixed brain tissue section stained with Luxol Fast blue (8) after a topographical pH study (A). The tissue slice was cut from a baboon brain hemisphere subjected to 35 min of focal ischaemia produced by occlusion of the middle cerebral artery (Symon et al. 1974 ) and collected on acetate cellulose paper. The thick line on these pictures represents the midline of the brain.
proposed that Luxol Fast blue MBS dye was an acidic stain specific to phospholipids, and that is chaemic brain was more susceptible to this stain due to its reduced pH, which caused an increase in the amount of amino groups available for dye binding. This was not found to be the case in our studies, because areas of markedly reduced pH were not more readily stainable by Luxol Fast blue.
Another mechanism of the Luxol Fast blue staining was more recently proposed by Clasen et al. (1973) . It was suggested that the chromophore of the dye could be held in the myelin sheath by a clathrate bond (Mandelcorn, 1959) . Once bound, the dye would then release the diarylguanidine salt to produce acidic groups, which could then react with further dyes. The latter mechanism implies that Luxol Fast blue can act as both a dye and a mordant. Also, the dye does not initially react as an acid with amino groups; however, it generates acidic groups available for further stains; Margolis and Pickett (1956) have previously described the combination of Luxol Fast blue with several other staining procedures.
This modification of the well-established Luxol
Fast blue staining method is simple and provides a good differentiation between white and grey matter with heat-fixed brain sections. Used in conjunction with fluorescent or autoradiographic techniques, it allows an accurate study of the parameter(s) of in terest with respect to structure of the brain.
